Fabrication and characterization of prosurvival growth factor releasing, anisotropic scaffolds for enhanced mesenchymal stem cell survival/growth and orientation.
Scaffolds that not only mimic the mechanical and structural properties of the target tissue but also support cell survival/growth are likely necessary for the development of mechanically functional cardiovascular tissues. To reach these goals, we have generated scaffolds that are elastic to approximate soft tissue mechanical properties, are nanofibrous to mimic fibrous nature of extracellular matrix (ECM), have aligned structure to guide cellular alignment, and are capable of releasing insulin-like growth factor (IGF-1) to administrate cellular growth and survival. We have developed a technique that can quickly fabricate (<3 h) such scaffolds by simultaneously electrospinning elastase-sensitive polyurethaneurea nanofibers, encapsulating IGF-1 into poly(lactide-co-glycolide) (PLGA) microspheres and assembling them into scaffolds. Scaffold morphology, mechanical properties, degradation with or without elastase, and bioactivity of the released IGF-1 were assessed. The scaffolds had degree of alignment approximately 70%. They were flexible and relatively strong, with tensile strengths of 3.4-11.1 MPa, elongations at break of 71-88%, and moduli of 2.3-7.9 MPa at the alignment direction. IGF-1 release profile and bioactivity were dependent on PLGA content and molecular weight and IGF-1 loading. The released IGF-1 remained bioactive for 4 weeks. The fabricated nanofibers were elastase-sensitive with weight remaining <59% after a 4-week degradation in the presence of elastase. Mesenchymal stem cells (MSCs) were seeded on the scaffolds and cultured either under normal culture conditions (21% O(2), 5% CO(2), and 20% fetal bovine serum (FBS)) or hypoxia/nutrient starvation conditions (5% O(2), 5% CO(2), and 1% FBS) to evaluate the effect of IGF-1 loading on cell growth and survival. Under normal culture conditions, MSCs were found to align on the scaffolds with a degree of alignment matching that of the scaffold. The IGF-1 loaded scaffolds enhanced MSC growth during a 7-day culture period, with higher IGF-1 content showing better stimulus effect. Under hypoxia/nutrient starvation conditions, the IGF-1 loaded scaffolds were found to significantly improve MSC survival.